JAPANESE UNEXAMINED PATENT PUBLICATION (A) 

(ll)Publication number: 06-287866 
(43)Date of publication of application : October 11 , 1994 

(51)Int.CI. D06M 15/693 

C08J 5/06 

D01F 11/08 

D02G 3/02 

D02G 3/48 

//D06M101:16 

(21) Application number : 05-074003 (71)Applicant : BRIDGESTONE CORP 

(22) Date of filing : March 3 1 , 1993 (72)Inventor : Hiroto YOSHIDA 

. (74)Patent Attorney(s) : Hiromitsu FUJIMOTO et al. 
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(57)[Abstract] 

[PURPOSE] To provide a method of treatment of poly-p-phenyiene benzobisoxazole (hereinafter referred 
to as "PBO") fiber superior in adhesivity with a rubber product. 

[CONSTnUTION] 0.01-0.5 wt% of a polyepoxy compound having two or more epoxy groups in the 
molecule is made to react and bind with PBO fiber by surface treatment, then a mixture of a resorcinol- 
formaldehyde condensate, where the molar ratio F of the formaldehyde to the resorcinol is 1 .2<F<2.4 and 
obtained by reaction in the presence of an alkali catalyst, and rubber latex aqueous solution, where the we 
ratio L by solid content of the rubber latex aqueous solution to the resorcinol-formaldehyde condensate is 
5<L<10, is applied on the reaction product which is then heat treated at a temperature of at least 100°C. 

[CLAIMS] 

[Claim 1] A method of treatment of a poly-p-phenylene benzobisoxazole fiber characterized by causing 0.01 
to 0.5 wr% of a polyepoxy compound having two or more epoxy groups in the molecule to react and bind 
with a poly-p-phenylene benzobisoxazole fiber comprised of monomer repeating units expressed by the 
following general formula (I) 
[Formula 1] 




(I) 



(where, n is a positive mteger snowing me repennons ; 
or the following general formula (II) 



[Formula 2] 




(where, n is a positive integer showing the repetitions) 
. then applying to this reaction product a mixture of a resorcmol-forrnaldehyde condensate, where the molar 
ratio F of the formaldehyde to the resorcinol is 

1JZ<F<2.4 

and obtained by reaction in the presence of an alkali catalyst, and a rubber latex aqueous solution, where 
the weight ratio L by solid content of the rubber latex aqueous solution to the resorcinol-formaldehyde 
condensate is 

5<L<10, 

then heat treating this at a temperature of at least 1 00°C. 

[Claim 2] The method of treatment according to claim 1 in which the rubber latex aqueous solution mixed 
with the resorcinol-formaldehyde condensate contains at least 40 wt% of a vmylpyridine-st>Tene-butadiene 
copolymer which contains 1 0 to 3 0 wt% of vinylpyridine. 

Petailed Description of the Invention] 
[0001] 

[Field of Utilization in Industry] The present invention relates to a method of treatment of a poly-p- 
phenylene benzobisoxazole fiber (hereinafter referred to as "PBO fiber"), more particularly relates to a 
method of treatment of PBO fiber superior in adhesivity with rubber products comprised of treatment by an 
epoxy compound and treatment by a mixture of a resorcmol-formaldehyde condensate and rubber latex 
(hereinafter referred to as "RFL"). 
[0002] 

[Prior Art] PBO fiber has a higher strength and higher modulus than conventional organic fibers, but PBO 
is extremely high in crystallinity and has a dense microstructure. It forms almost no bonds with the RF 
component (resorcmol-foimaldehyoe condensate) in the RFL adhesive, including primary bonds and 
secondary bonds, so there is the problem that it does not adhere much at all with rubber with general 
treatment by an RFL adhesive. 
[0003] 

[Problem(s) to be Solved by the Invention] An object of the present invention is to solve the above- 
mentioned conventional problem and to provide a method of treatment of PBO fiber superior in adhesivity 
with rubber products. 
[0004] 

[Means for Solving the Problem(s)] The present inventors engaged in zealous research to solve the above 
problem of the prior art and as a result succeeded in obtaining a PBO fiber meeting the above object by 
applying a specific treatment to the PBO fiber and thereby completed the present invention. 
[0005] That is, the method of treatment of a PBO fiber of the present invention is characterized by 
causing OlOl to 0.5 wt% of a polyepoxy compound having two or more epoxy groups in the molecule to 
react and bind with a poly-p-phenylene benzobisoxazole fiber comprised of monomer repeating units 
expressed by the following general formula (I) 



[Formula 3] 




(I) 



(where, n is a positive integer showing the repetitions) 
or the following general formula (II) 
[Formula 4] 




(where, n is a positive integer showing the repetitions) 

then applying to this reaction product a mixture of a resorcinol-formaldehyde condensate, where the molar 
ratio F of the formaldehyde to the resorcinol is 
1.2<F<2.4 

and obtained by reaction in the presence of an alkali catalyst, and a rubber latex aqueous solution, where 
the weight ratio L by solid content of the rubber latex aqueous solution to the resorcinol-formaldehyde 
condensate is 

5<L<10, 

then heat treating this at a temperature of at least 100°C. Further, the rubber latex aqueous solution mixed 
with the resorcinol-formaldehyde condensate preferably contains at least 40 wt% of a vinylpyridine-styrene- 
butadiene copolymer which contains 10 to 30 wt% of vinylpyridine. 

[0006] Next, the content of the present invention will be explained. The method of treatment of PBO 
fiber of the present invention is performed by treating the PBO fiber by an epoxy compound, treating it by 
an RFL mixture, and heat-treating it. By this, a PBO fiber excellent in adhesivity for reinforcement of rubber 
products is obtained. 

[0007] In the present invention, the PBO fiber is comprised of monomer repeating units expressed by 
the following general formula (I). 
[Formula 5] 




(I) 



(where, n is a positive integer showing the repetition) 
or the following general formula (II) 



[Formula 6] 




(ID 



(where, n is a positive integer showing the repetition) 

and preferably includes at least 80% of the monomer repeating units in the molecule. Further, among the 
PBO fibers of the above general formulas (I) and (II), the cis-structure PBO fiber of the general formula (I) 
is preferable. A PBO fiber is a fiber offering a combination of the modulus of elasticity of a carbon fiber 
and the strength and ease of handling of an aramid fiber and is a fiber of a higher strength and higher 
modulus than the above conventional carbon fibers, aramid fibers, and other organic fibers. If at least 80 
wt% of the monomer repeating units of the general formula (I) or (II) is uvthe molecule, a further higher 
strength, lower elongation, and higher modulus fiber. is obtained.. 

[0008] In the present invention, the polyepoxy compound is one having at least two epoxy groups of ti 
following formula (IH). 



in the molecule. The amount of the polyepoxy compound reacted and bound with the PBO fiber is 0.01 to 
0.50 wt% with respect to this PBO fiber, preferably 0.05 to 0.40 wt%. This amount of reaction and binding 
is an important condition in achieving the object of the present invention. If less than 0.01 wt% or over 0.50 
wt%, the adhesivity with rubber falls and the object of the present invention cannot be attained. 
[0009] In order to make the polyepoxy compound react and bind with the PBO fiber, an epoxy compound 
is either dissolved in water as it is or is made soluble in water using a suitable surfactant, the PBO fiber is 
either dipped in the obtained aqueous solution or the aqueous solution is sprayed on the PBO fiber, then the 
PBO fiber is heat treated at a temperature of 100°C or more. In this case, to control the amount of the epoxy 
compound, it is sufficient to select optimal conditions such as the amount of addition of a catalyst for 
opening the epoxy groups of the polyepoxy compound, the concentration of the epoxy compound in the 
aqueous solution, the ratio of the amount of use of the aqueous solution with respect to the PBO fiber, the 
heat treatment temperature and time, etc. 

[0010] The RFL mixture used in the present invention is obtained by mixing a resorcinol-formaldehyde 
condensate, obtained by adding 0.1 to 0.4 mol of caustic soda, caustic potash, ammonium hydroxide, urea, 
or another alkali catalyst to 1 mol of resorcinol and causing the resorcinol and formaldehyde to react in a 
molar ratio of 1 : 1 .2 to 1 :2.4 at room temperature for several hours, preferably 6 to 1 0 hours, with a rubber- 
latex aqueous solution in a weight ratio by solid content of 1:5 to 1:10, then aging it for several hours, 
preferably at least 14 hours, at room temperature. If the molar ratio of the resorcinol and formaldehyde is 
outside of the range of 1:1.2 to 1:2.4 (molar ratio F of formaldehyde to resorcinol is 1.2<F<2.4), the 
adhesive power declines unpreferably. Moreover, if the resorcinol formaldehyde condensate is mixed in out 
of the range of the weight ratio by solid content with the rubber latex aqueous solution of 1:5 to 1:10 
(weight ratio by solid content L of rubber latex aqueous solution to the resorcinol-formaldehyde condensate 
obtained by reaction in the presence of an alkali catalyst of 5<L<10), the adhesive power declines 



[001 1] As rubber latex aqueous solution used for this RFL mixture, for examples vinylpyridine-styrene- 
butadiene copolymer rubber-latex aqueous solution or a mixed latex aqueous solution of at least two types 
of a styrene-butadiene copolymer rubber-latex aqueous solution, a natural -rubber-latex aqueous solution, 
and synthetic rubber latexes can be mentioned. As a preferable rubber latex aqueous solution, there is one 



[Formula 7] 



C H 2 — C H— C H 2 




(III) 



unpreferably. 



containing at least 40 wt% of a vinylpyridine-styrene-butadiene copolymer which contains 15 to 35 wt% 
of vinylpyridine. When using this rubber-latex aqueous solution, the adhesivity with rubber products can 
be raised further. 

[0012] As the method for applying the RFL mixture to the PBO fiber with which the polyepoxy 
compound has been reacted and bound, it is possible to suitably select, in accordance with need, from the 
method of dipping the PBO fiber in the RFL mixture, the method of coating the RFL mixture to the PBO 
fiber by a doctor knife etc., the method of spraying the RFL mixture to the PBO fiber, etc. In application of 
the RFL solution, it is desirable that the amount of application be controlled to 4 to 15wt% with respect to 
the PBO fiber based on the solid content of the RFL solution after drying. If less man 4 wt%, the adhesivity 
with rubber becomes low, while if over 15 wt%, the stickiness will become great and the work efficiency 
will become poor and also the adhesivity will fall. 

[0013] The heat treatment is performed by heat treating the PBO fiber to which the RFL solution has 
been attached at a temperature of at least 100°C, preferably 200 to 270°C, for 30 sec to 240 sec. With heat 
treatment at a temperature less than I00°C, sufficient drying is not obtained. 

[0014] Next, the present invention will be explained more specifically and more detailedly using 
examples and a comparative example, but the present invention is not limited to these examples and 
comparative example. The PBO fiber used in Examples 1 -to 3 and Comparative Example 1 was a cis- 
structure PBO fiber. . 
[0015] Example 1 

Diglycerol triglycidyl ether was used as the polyepoxy compound to prepare a polyepoxy 
compound aqueous solution of the following composition: 

wt% 

Diglycerol triglycidyl ether 1-20 
Sodium dioctyl sulfosuccinate 0.02 
Caustic soda (1 0% aqueous solution) 0.14 
Distilled water 98.64 

PBO fiber was dipped in this polyepoxy compound aqueous solution using a Litzer Computreater dipping 
unit, then this PBO cord was passed through a drying oven at 160°C x 60 seconds, then passed through a 
heat treatment oven at 240°C x 60 sec and then again dipped in the RFL solution. 
[0016] The RFL solution was obtained by aging a mixture of the following composition: 

wt%" 

Distilled water 52.0 
Resorcinol L8 
Formalin (37%) 2.3 
Caustic soda (1 0% aqueous solution) 1 . 1 

at room temperature for 6 hours, then adding to this 42.5 wt% of vmylpyridme-styrene-butadiene-rubber 
latex (41 wt%) containing 15 wt% of vinylpyridine and then further aging it for 18 hours. PBO cords dipped 
in this RFL solution were passed again through the drying oven at 160°C x 60 sec and then passed through 
the heat treatment oven at 240°C x 60 sec to obtain adhesive-treated PBO cords. Note that the amount of 
reaction and binding of the polyepoxy compound with the PBO cords and the amount of application of the 
RFL solution to the PBO cords in solid content were 0. 12% and 8. 1%, respectively. 
[0017] Example 2 

The same procedure was followed as in Example 1 except for replacing the polyepoxy compound 
of Example 1 with triglycerol tetraglycidyl ether. 
[0018] Example 3 

The same procedure was followed as in Example 1 except for making the amount of reaction and 
binding of the polyepoxy compound of Example 1 0.37%. 
[0019] Comparative Example 1 

The treatment relating to the polyepoxy compound of Example 1 was not performed. Only the 
RFL treatment was performed. 

[0020] (Examples 1 to 3 and Comparative Example 1) The adhesive-treated PBO cord treated in the 



above Examples 1 to 3 and Comparative Example 1 were each buried in unvulcanized rubber of the 
formulation shown in Table 1, and vulcanized at 153°C x 20 minutes. The PBO cords were dug out from 
the obtained vulcanates and then pulled at a speed of 300 nim/min to peel them from the vulcanates. The 
peeling resistance for PBO cord was found for each and used as the adhesivity (kg/cord). The results are 
shown in Table 2. 
0021] 

Table 11 . 



Formulation of unvulcanized rubber composition 



Parts by weight 



Natural rubber 

Styrene-butadiene copolymer rubber 
Carbon black 
Stearic acid 

Petroleum-based softener 
Pine tar 
Zinc white 

N-phenyl- jS -naphmylamine 
2 -benzothiazolylsulfide 
Diphenylguanidine 
Sulfur 



70.00 
30.00 
40.00 
2.00 
10.00 
4.00 
5.00 
1.50 
0.75 
0.75 
3.50 



0022] 



J tl r 


Ex. 1 


Ex.2 


Ex.3 


Comp. Ex. 1 


Fiber used 


PBO 


PBO 


PBO 


PBO 


Diglycerol triglycidyl ether 
.(wt%) 


1.20 




2.50 




Triglycerol tetraglycidyl ether 
(wt%) 




1.20 






Sodium dioctyl sulfosuccinate 
(70%) (wr%) 


0.02 


0.02 


0.04 




Caustic soda (10% aqueous 
solution) (wt%) 


0.14 


0.14 


0.18 




Distilled water (wt%) 


98.64 


98.64 


98.28 




Amount of epoxy reacted and 
bound (%) 


0.12 


0.11 


0.37 




Distilled water (wt%) 


52.00 


52.00 


52.00 


52.00 


Caustic soda (10% aqueous 
solution) (wt%) 


1.10 


1.10 


1.10 ' 


1.10 


Resorcinol (wt%) 


1.80 


1.80 


1.80 


1.80 


Formalin (wt%) 


2.30 


2.30 


2.30 


2.30 


VP Latex (wt%) 


42.80 


42.80 


42.80 


42.80 


Amount of RFL solution 
applied by solid content (%) 


8.10 


8.30 


7.09 


7.40 


Adhesivity (kg/cord) 


2.79 


2.93 


3.05 0.35 



"VP Latex" in the table is a vmylpyridine-styrene-butadiene copolymer rubber latex. 



[0023] As clear from the results in Table 2, Examples 1 to 3 of the present invention are superior in 

adhesive power (peeling resistance) with rubber. 

[0024] 

[Effect of the Invention] According to the present invention, by causing a polyepoxy compound to react with 
and bind to PBO fiber and then applying a specific resorcinol formaldehyde condensate and rubber-latex 
mixture and perforating heat treatment, it is possible to simultaneously improve the adhesivity with rubber 
- a major problem in use of PBO fiber for a rubber product. 
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i^ + ^SlDH^S (%) 


0.12 


0. 11 


0.37 




9K § * (fi»%) 


52. 00 


52.00 


52..00 


52.00 




1.10 


1.10 


1. 10 


1. 10 




1.80 


1.80 


1.80 


1.80 


*A7»J> (fi»%) 


2.30 


.2. 30 


2.30 


2. 30 


VP LATEX (£»%) 


42.80 


42. 80 


42.80 


42. 80 


RFL*ift»#fi (%) 


8. 10 


8. 30 


7.09 


7.40 


* a * (Kg/*) 


2.79 


2. 93 


3. 05 


0. 35 
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[*WD»*] *»»ecJ:*itf, PBOtWtfctfyx** SKStfi-r £c 
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